Biomimetic scaffolds made by synthetic materials are usually used to replace the natural tissues aimed at speeding up the skin regeneration. In this study, a flexible and cytocompatible poly(glycerol sebacate)@poly-l-lactic acid (PGS@PLLA) fibrous scaffold with a core-shell structure was fabricated by coaxial electrospinning, where the shell PLLA was used to be a skeleton with pores on the fibrous surface. The fibrous morphology with pores on the surface of the prepared fibers was observed by SEM. The core-shell microstructure of PGS@PLLA fibers was confirmed by TEM and Laser Scanning Confocal Microscopy (LSCM). In addition, the prepared fibers exhibited a strong ability to repair tissues of the skin wound, where the stability of cell security and proliferation, and the lower inflammatory response were all superior to those of pure PLLA scaffold. It's worth noting that the percentage of skin tissue was regenerated by 95% within 14 days, which suggests the potential application for electrospun-based synthetic fibrous scaffolds on wound healing.
Introduction
Nowadays, the death rate caused by the infection of hardto-healing wounds is high [1] , especially in the cases of the necrosis of tissues [2] or the organs grafting [3] in the war and the poor countries [4, 5] . The tissues regeneration and engineering could alleviate the healthcare burden worldwide. Recently, the understanding of the interactions between cells and tissues, tissue engineering scaffolds prepared by biocompatible materials to mimic the extracellular matrix (ECM) mainly have been used in those regards by combing material property and tissue engineering principle [6] [7] [8] . Biocompatible materials play a more and more important role in tissue engineering [9] , medicine delivery [10] , antibacterial application [11] , and wound healing [12] . Among them, synthetic polymer materials are very popular in the skin regeneration [13, 14] . As one of the synthetic polymers, Poly-l-lactic acid (PLLA) with controlled degradation has been studied in clinic medicine for a long time [15] . PLLA has advantages of high recyclability, good stability and spinnability [16] . More and more natural materials are appeared to apply in bioengineering lately [17] . However, most natural materials can't be electrospun to hold stable fibrous morphology. The chain character of natural materials won't provide the effect of framework in the fibers. What's more, during the electrospinning process, pores could appear on the surface of the PLLA fibers due to high evaporation of solvent, which was named as "breath figure" [18, 19] . However, PLLA has properties of high hydrophobicity and slow degradation, which hinders its development in the regeneration of soft tissues or wounds [20, 21] . Thus, other different synthetic polymers with good biocompatibility Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s4276 5-020-00027 -x) contains supplementary material, which is available to authorized users. and fast degradative property were studied. Among them, poly(glycerol sebacate) (PGS) has been attracted attention as it was formed by non-toxic and tough materialsglycerol and sebacic acids, which have been approved by the US Food and Drug Administration [22, 23] . PGS can be degraded under human condition, and the degradative intermediates can be eliminated from body by metabolism [24] . It has been identified to be well biocompatible, flexible and degradable, which are widely used as kinds of patch of organs and wounds [25] . However, PGS has low specific surface area and low spinnablility, which cannot support the formation of fibrous morphology, and further restrict cells attachment and migration for tissues or wounds regeneration [26] . Thus, using tissue scaffolds with micro-nanofibers can provide more space to go deep into scaffolds for cells attachment and migration [27] .
Electrospinning technology has been widely used to fabricate fibrous scaffold [28, 29] . Owing to the similar properties of the dermal extracellular matrix (ECM), it makes a wide range of applications in tissues regeneration [30] . Both porous network and high surface-to-volume ratio are in favour of cellular attachment, migration and proliferation. In addition, good permeability of oxygen, carbon dioxide and water, outputting of metabolic waste and effective inhibiting pathogen invasion are the additional advantages of the fibrous membrane matrix [7, [31] [32] [33] .
Coaxial electrospinning is a novel method of the fabrication of micro-/nanofibers, and it is facile and high effective to produce fibrous membranes with a core-shell structure, which can integrate more than two different materials with synergistic effect [26, 34] . The prepared core-shell fibers were normally applied to tissue scaffolds [35, 36] , drugs controlled release [9, 18, 37] , and antibacterial application [38] .
In our research, the PGS@PLLA fibers scaffold with PGS core and PLLA shell was fabricated by coaxial electrospinning. During the electrospinning process, the inner core pre-PGS was wrapped by the outer layer PLLA, which formed a Taylor cone on the tip of needle under the high voltage.
The pre-PGS core of PGS@PLLA fibers scaffold was crosslinked with the efficient covalent and hydrogen bonds [22] to form PGS by thermocuring (depicted in Fig. 1a ). The PLLA acting as the skeleton to form the PGS@PLLA fibers scaffold with a core-shell structure rarely appears in tissue regeneration of wounds. The PGS fibers can be degraded by the infiltration of water and exposure after the degradation of thin PLLA shell, which accelerates the degradation of scaffolds and it is beneficial to the wettability of the PGS@ PLLA fibers scaffold, which the shell layer was composed by PLLA and PGS. It means the shell layer is not the strict PLLA layer, so the surface of PGS@PLLA fibers scaffold was moist as shown in Figure S1 [6] . The flexible PGS@ Fig. 1 Schematic captions of the preparation, structure and application of PGS@PLLA fibers scaffold. a The fabrication of PGS@PLLA fibers scaffold from coaxial electrospinning. b Illustration of PGS@PLLA fibers scaffold applied to back wounds in mice PLLA fibers scaffold was applied and covered on the wound of rat back (shown in Fig. 1b) . The scaffold provides a compatible independent condition for cells attachment, migration, proliferation, and the accesses for metabolic gases, nutrition and wastes. In addition, it also provides a barrier against the external bacteria as described in Fig. 1b , which shows a lower inflammatory response. Therefore, our prepared PGS@PLLA fibers scaffold exhibited an excellent prospect for the regeneration of hard-to-healing wounds. 
Experimental Section

Materials
Fabrication of the PGS@PLLA Fibers Scaffold
Sebacic acid was recrystalled from absolute ethyl alcohol before being used. Equimolar ratios of glycerol and sebacic acid were mixed in the flack at 140 ℃ to melt the sebacic acid, then heat up to 160 ℃ for 8 h to formed the PGS prepolymer. And the nitrogen flow was blown at a velocity of 0.2 m 3 h −1 during the reaction.
During fabrication of the PGS@PLA fibers scaffold with core-shell structure, Pre-PGS was dissolved in the mixed solvent of DCM and DMF (v:v = 3:1) to achieve concentrations of 35, and 40 wt%. The concentration of PLLA/ trichloromathane was 10 wt%. The as-prepared solutions were loaded into two 5 ml syringe with a coaxial needle and positioned on two syringe pumps, respectively. The inner and outer needles were 22G and 17G. And the flow rate of accesses was 0.4 mL h −1 and 1.2 mL h −1 , respectively. In addition, the electrospinning voltage was 20 kV and the distance between the needle and collector was set at 15 cm. The obtained PGS@PLLA fibers scaffolds were exposed on room temperature to evaporate any residual solvent. Furthermore, the membrane was thermo-cured in 120 ℃ under vacuum for 72 h to cure PGS fibers.
Characterizations of Pre-PGS and the PGS@PLLA Fibers Scaffold
The pre-PGS was smeared on the KBr salt tablet for Fourier-transform infrared (FTIR) characterization using an FT-IR spectrometer (Nicolet 5700, Thermo Company, USA). 1 H NMR (AV400 NMR, Bruker Company, Germany) spectra was used to evidence the structure of pre-PGS as well. It was tested at 600 MHz using DCl 3 as solvent. The morphology of the PGS@PLLA fibers scaffold was examined by SEM (FEI Quanta 250, the Netherlands). The dry scaffold sample ensuring they are completely free of moisture was pasted on the sample table and then were sputter coated with gold (Model 550; Electron Microscope Sciences) in preparation for SEM. The SEM image were taken on 500× and 2000× . At least 60 different fibers and 100 segments were randomly counted to measure average diameter using Nano Measurer. The thermal properties for the PGS@PLLA fibers scaffold, PGS and PLLA were measured by Differential Scanning Calorimetry (DSC, Q1600, TA Instruments, USA). They underwent two cycle of heating to 250 ℃ and cooling to -50 ℃. The rate of heating and cooling was 5 ℃ min −1 . The crystal structure was further studied by Wide-angle X-ray powder diffraction (WXRD, D8 Advance, Bruker, Germany) after curing progress with an angle range of 5°-90°. The micro-structure image of the PGS@PLLA fibers encapsulated outer PLLA was recorded by the Transmission Electron Microscopy (TEM, Tecnai G 2 T20, FEI, USA). The fluorescent image of the PGS@PLLA fibers scaffold was obtained from the Laser Scanning Confocal Microscopy (LSCM, Leica TCS SP8, Germany), which coumarin and perylene as fluorescent dye were added in outer and inner resolutions, respectively. The concentration of the coumarin dye was 0.01 mg per 3 mL pre-PGS solution and 5 mL PLLA solution had 0.01 mg perylene dye.
Characterization of Physical Properties
The degradation property of the PGS@PLLA fibers scaffold and PLLA fibrous scaffold were evaluated by the ratio of mass loss at different time, which were immersed in the phosphate buffer (PBS) at 37 ℃. Morphology of scaffolds after degradation at different time were characterized by SEM. The ratio of mass loss (D%) was determined using equation [39] .
where W 0 is the initial scaffolds dry weight and W t is the residual scaffolds dry weight after degradation at time t.
The strips of scaffolds (30.0 × 10.0 mm) were tested by a mechanical tester (UTM5205XHD, SUNS, China) in Uniaxial Tensile Tests. The effective length of samples was 10 mm and then the strips were stretched to failure at a speed of 5 mm min −1 . Young's modulus of the samples was obtained from the stress-strain curves [39] .
Cytotoxicity Tests of the PGS@PLLA Fibers Scaffold
The L929 cells were used to measure the biosecurity of the PGS@PLLA fibers scaffold, which cultured in DMEM with the FBS. The PGS@PLLA fibers scaffold with core-shell structure and PLLA fibrous scaffold that were similar with weight were added to 96-wells cell culture dishes that each well containing 1 ml culture medium and incubated for 24 h, and then sterilized with exposure to an ultraviolet ray light lamp in a laminar flow hood for 30 min per side. The L929 cells were adjusted to different concentration after digesting and rehung. Then the L929 cells were seeded in 96-wells cell dishes with a density of 8000 cells per well (100 μL) for 24 h in order to allow attachment before the test. The cells were rinsed by PBS after the media in the 96-wells dish was regularly removed. Afterwards, 24 h aged extract material solutions were added to the wells and the cells were incubated at 37 ℃ with the extract solutions for another 24 h. Every concentration was set up ten groups. The MTT was used to evaluate the cell metabolic and viability. 50 μL MTT reagent was added to the solution from where the culture medium was removed under dark environment. The cells were incubated for another 4 h. Furthermore, the solution was added 150 μL DMSO and cultured for 15 min in a shaker after the liquid supernatant was removed. The absorbance intensity of each sample and control well were measured at a wavelength of 490 nm using a microplate reader (Thermo Labsystem, USA). In addition, an equivalent number of cells on tissue culture plate (TCP) which served as control. The experiment condition of control was the same as the PGS@PLLA fibers scaffold and the PLLA fibrous scaffold.
The cell viability expressed by the percentage of living/dead cells with respect to the control group and the change of the cell viability from day 1 to day 3. The L929 cells were seeded in 6-wells cell dishes with a density of 20,000 cells per well (2 mL) for 24 h to guarantee the attachment. The cells were transferred to the 24 h aged extracted material solutions and incubated for 24 h and 72 h. Every wells were added to the staining solution and moved to incubator for 30 min. Afterwards, the media in the 6-well dish were removed, and the cells were washed by PBS. All experiments were repeated for three times.
Finally, the fluorescent images were obtained by using the Inverted Fluorescence Microscopy.
Chronic Wound Healing Study of the PGS@PLLA Fibers Scaffold
Twenty-four 6-week adult female mice (20 ± 5 g) were used in our experiment after breeding 1 week in order to adapt the condition. We set up two groups (blank and pure PLLA fibrous scaffold) as the control to compare with the PGS@ PLLA fibers scaffold. The animals were divided into three groups randomly, the PGS@PLLA fibers scaffold, the PLLA fibrous scaffold and control. The rats were anesthetized by using an intraperitoneal injection of 1% chloral hydrate (20 mg kg −1 ) and their backs were shaved under sterile condition. A 1 cm 2 area wound which was deep to the fascia was cut out on the back of each mouse. 100 μL E. coli and 100 μL S. aureus were dropwise added on the wound bed. The wounds were closed by film of indwelling needle to wait for inflection. Afterwards, the sterilized wound dressings containing saline solution were applied to the inflect wound and closed to avoid multiple inflection from other bacteria. The rats were housed in cage and allowed to heal for 14 days with changing wound dressing every 2 days, respectively. On 0th, 3th, 7th, 10th, 14th day, the wound regeneration of each group should be recorded and photos were taken by digital camera. All mice were euthanized after 14 days and granulation tissues over the surface of wounds was cut out for the immunohistochemistry analysis.
Inflammation and Histology
The wound tissue samples were isolated from sacrificed mice that healed for 2 days and 14 days and fixed by 4% paraformaldehyde overnight. Then the samples were dehydrated by gradient ethanol solution from 50 to 100%. The dehydrated tissues were soaked in the mixed ethanol/xylene (v:v = 1:1) solution and xylene reagent in turn until the tissues appeared to be transparent. Afterwards, as addressed tissues were embedded in I, II paraffin at 40 °C for 1 h to eliminate transparent reagent. Several 5 μm-thick sections of the addressed tissue were gained by microtome and prepared to hematoxylin-eosin staining. The tissue slices were closed by neutral resin and viewed under the optical microscopy for further analysis.
Statistical Analysis
Data were performed by SPSS 17.0 statistical analysis software. Statistical comparisons were conducted by Student's t test or one-way ANOVA followed by post hoc Student-Newman-Keuls test. p < 0.05 was considered statistically significant.
Ethical Statements
L929 cells were obtained from Jiangsu Key Laboratory of New Drug Research and Clinical Pharmacy, Xuzhou Medical University, (Jiangsu, China). These animal protocols were approved by the Xuzhou Medical University Laboratory Animal Center.
Results and Discussion
Preparation of the PGS@PLLA Fibers Scaffold
The pre-PGS was synthesized by the condensation reaction, the FTIR spectrum of pre-PGS in Figure S2 shows the peaks for -C=O at 1740 cm −1 and the peaks for -OH at 3438 cm −1 , which is completely consistent with the previous report [40] . As depicted in 1 H NMR spectrum of Figure S3 , it shows -CH 2 groups in the backbone supported by sebacic acid at 1.3, 1.6 and 2.34 ppm, and -CH 2 , -CH-at 4.18 and 3.7 ppm from glycerol, which were influenced by the distance from ester groups. It also confirmed the formation of PGS pre-polymer. The PGS elastomer shown in Figure S4 was fabricated after thermo-curing according to the experiment section. In the research, 35 wt% concentration of PGS as core solution was chosen to prepare the desired PGS@PLLA fibers scaffold that could retain the fibrous morphology, while the membrane spun with 40 wt% core concentration of PGS presented irregular fibers with beads ( Figure S5 ). As known to all, the main factors of beaded nanofibers' formation are the surface tension of solution, charge density carried by the jet and the viscoelasticity of solution, and these factors are influenced by the characters of the solution, electrospinning condition and the environmental condition, for example the solvent volatilization, temperature and humidity, solubility of materials, voltage and so on. Pre-PGS with low molecular weight is a kind of material that can't be electrospun, and it will form droplets with an electrically driven jet [41] . PLLA was used to electrospinning in our experiment with a suitable concentration that reported [42] . While the concentration of core solution increased, the shell PLLA solution will not wrap the core solution because of the jam with the solvent volatilization. The beaded fibers were formed by the low surface tension of solution with the leakage of core pre-PGS solution.
The PGS@PLLA fibers scaffold as a kind of electrospun membrane could be folded, exhibiting an excellent toughness (shown in Figure S6 ). It is clear that the PGS@ PLLA fibers scaffold still remain pores because of the outer solvent flash evaporation (shown in Fig. 2a ). The fiber diameter is from 0.75 to 2.75 μm (Fig. 2b) . The porous microstructure and rough surface of fibers are beneficial to cell attachment [14] . In addition, the partly crosslinked fibers formed from the phase separation of low molecular pre-PGS may be worked to biological wettability and mechanical strength [43, 44] .
In our experiment, the PGS@PLLA fibers scaffold shows two groups of melting temperature (T m ) where T m of PGS at about 23 ℃ and 8 ℃, and T m of PLLA at 168 ℃. PGS is amorphous at room temperature as shown in Fig. 2c , while the glass temperature (T g ) of PLLA is 61 ℃ and the crystal peaks are shown in Fig. 2d . The peaks of two independent groups offset from the peaks of PGS (21 ℃ and 6 ℃) and PLLA (180 ℃) because of the mixture of two materials, as shown in Fig. 2c in DSC curve of the PGS@PLLA fibers scaffold. It confirms that the cured progress of pre-PGS had no influence on the PLLA that used to support the core of PGS. The WXRD pattern shows three peaks of the PGS@ PLLA fibers scaffold at 2θ = 16.5, 19.1 and 23.2°, which are a bit wider than the PLLA lattice parameters impacted by the mixture of amorphous and semi-crystal polymers (Fig. 2d ). Based on the XRD analysis, it can be confirmed that the semi-crystal structure was not destroyed by the condition of thermal cross-linking of PGS and there not have been any interaction between the PGS and PLLA chains.
The core-shell structure of the PGS@PLLA fibers scaffold were evaluated by Laser Scanning Confocal Microscopy (LSCM). The view of the PGS@PLLA fibers scaffold in LSCM is shown in Fig. 3a , exhibiting two different fluorescent colors. The PGS that reflected red fluorescence (Fig. 3c ) was encapsulated into the fiber core and fluorochrome coumarin was mixed in the PLLA solution, which shows the green fluorescence (Fig. 3b) . Figure 3d was obtained by overlapping the images of Fig. 3b, c, showing the obvious distribution of the external of PLLA and the core PGS within the nanofibers. It is indicated that the outer PLLA layer covered on the PGS fiber through the fluorescent image of cross section of fiber shown in Fig. 3d , e. The TEM image of the core-shell PGS@PLLA fibers scaffold, as shown in Fig. 3f , presents a clear interface between the core and shell of the fiber. In addition, the overall diameter of the fiber is around 1000 nm and the core diameter is around 700 nm. The fibers with the core-shell structure can be adequately developed by controlling the core and shell layers [45] .
Mechanical Testing and Biodegradation of the PGS@ PLLA Fibers Scaffold
Previous studies have been reported that soft matrices can improve the regeneration of impaired tissues [46] . In our study, three kinds of samples displayed typical stress-strain curves (shown in Fig. 4e ). It can be seen that the PGS@ PLLA fibers scaffold with cured (~ 67%) had a lower tensile strength compared with the pure PLLA fibrous scaffolds (~ 71%). However, it was higher than that of the uncured PGS@PLLA fibers scaffold which accounted for only 43% of the cured PGS@PLLA fibers scaffold. For a quantitative comparison, Young's modulus determined from the initial slope at small strains [40] . Figure 4f reveales Young's modulus of the PGS@PLLA fibers scaffold (19.99 MPa) was higher than that of uncured PGS@PLLA fibers scaffold (12.01 MPa). Due to a little pre-PGS emigrated to attach to the surface of fibers while electrospinning, it made the cured PGS become the crosslinker among the fibers of the scaffold. Although the stress-strain curves results showed that mechanical strength of the PGS@PLLA fibers scaffold as well as the PLLA fibrous scaffold could meet the requirement of tissue engineering materials, the PGS@PLLA fibers scaffold performed softer than the PLLA fibrous scaffold. As a result, the PGS@PLLA fibers scaffold is suitable for skin wound regeneration [20] .
SEM images (Fig. 4a ) were used to show the fibrous morphology at degradation time of 0 day, 28 days and 60 days, it can be found that the fibers of the PGS@PLLA fibers scaffold was close-knit before degradation. After 28 days of degradation (shown in Fig. 4b.) , the structure tent to be loose but still held the fibrous structure. However, in the 60th day (as shown in Fig. 4c ), the whole scaffold was corroded to lead fibers broken and damaged gaps, and it can not keep structure of micro-nanofiber network. In addition, Fig. 4d shows that the mass loss percentage is almost 14% for the PGS@PLLA fibers scaffold, and 7% for the PLLA fibrous scaffold over 28 days, following the two samples more loss of 32% and 8% after 60 days. At first, PGS was degraded along with water infiltrating, as the degradative time passed, the PGS core was more exposed after the PLLA shell was degraded. Thus, the degradation rate of PGS@PLLA fibers scaffolds exhibited faster than that of PLLA fibrous scaffold. The ester groups of PGS can be accounted for the run-up of degradation rate of the PGS@PLLA fibers scaffold. Besides, the PGS can be degraded to no-toxic intermediate products in body condition and the degradation products can be eliminated by human metabolism [22] .
Biomedical Properties of the PGS@PLLA Fibers Scaffold
The cytotoxicity of material is important for the biomedical potential of materials [47] . To investigate the biocompatibility of the PGS@PLLA fibers scaffold with L929 cells, firstly, the cells viability were assessed by the cell counting kit-8 (CCK-8) assay and Live/dead analysis, and gradient cells concentrations (from 0.01 to 0.2 μg mL −1 ) were set up to evaluate the survive and grow ability of cells. CCK-8 assay demonstrated that the L929 cells were viable on the PGS@PLLA fibers scaffold with over 90% viability in all concentration gradient (in Fig. 5a ). Compared to the PLLA fibrous scaffold, the cells viability of the PGS@PLLA fibers scaffold was lower than that of the PLLA fibrous scaffold in the low cell concentration (0.01 μg mL −1 ). When the cell concentration raised as 0.05, 0.1, 0.15 and 0.2 μg mL −1 , as contrasted with the viability of cells on the PLLA fibrous scaffold that changed severally at 92%, 92%, 91%, 82%, the viability of cells cultured on the PGS@PLLA fibers scaffold was changed at 98%, 96%, 92% and 91%, respectively. It confirms that the results of PGS@PLLA fibers scaffold were stable when the cell concentration increased, which reveals the stead biosecurity and excellent cells metabolism of the PGS@PLLA fibers scaffold.
Live/dead analysis was used to express and calculate the situation of live and dead of L929 cells adhered on the sample scaffold ( Fig. 5c, d) . At 1 day, there was no obvious quantitative difference between both kinds of scaffold, but at the 3th day, compared to the PLLA fibrous scaffold, the quantity of live cells (dyed green) grown on the PGS@ PLLA fibers scaffold was more abundant and the dead cells (dyed red) were lower (in Fig. 5b ). As the quantity of viable cells seeded on both kinds of scaffold for 3 days, the statistic number of living cells of the PGS@PLLA fibers scaffold is 1.4 times higher than that of PLLA fibrous scaffold (Fig. 5c ). In addition, the PGS@PLLA fibers scaffold presented a low quantity of dead cells after 3 days culturing, which is just account for 35% of dead cells on the PLLA fibrous scaffold (Fig. 5d ). Thus, being the cellular compatibility and advanced metabolism, the PGS@PLLA fibers scaffold is better than the PLLA fibrous scaffold in vitro, which provides a gentle and suitable condition for cells attachment, growth and proliferation.
The PGS@PLLA Fibers Scaffold for Wound Healing
For the vivo experiment, the wound healing capacity of the PGS@PLLA fibers scaffold was investigated by constructing the E. coli infected full-thickness skin defect model with a area of 1 cm 2 on the back of the mouse. The testing samples were divided into three groups, in which the control group and the PLLA fibrous scaffold were treated as comparison. The wounds closure process and potential were all recorded to analyze the difference of the testing samples in detail. The decease of the wound area was depended on the time and was not obvious at day 4 in all groups. By day 7, the reduction in wound area started to present slightly and the decrease of wounds closure could be observed prominently at day 10. The wound covered with the PGS@PLLA fibers scaffold was almost healed after 14 days compared to the other two samples (shown in Fig. 6a ). A kind of PCL-Chitosan core-shell scaffold that reported recently was compared with PGS@PLLA fibers scaffold, which the area of healing wound was 80% approximately after 14 days [7] . While Fig. 6c estimated the quantitative wound-healing datas about our scaffold, which was upon 95% by 14 days for the PGS@PLLA fibers scaffold. From the results, PGS@ PLLA fibers scaffold has a superior repair effect. It also evidenced by the growth of epidermal in the histology experiment as shown in Fig. 6d . The epidermal thickness for the PGS@PLLA fibers scaffold was approximately two times thicker than that of the PLLA fibrous scaffold and about nine times thicker than that of the control one. It also evaluated that the wound treated with the PGS@PLLA fibers scaffold experienced a shorter healing period than that of the other two samples.
The re-epithelialization processes of the testing samples were represented by histological sections shown in Fig. 6b . The tissues were stained by hematoxylin & eosin in our study. At the second day after wound presence, it can be seen the broken skin tissue indicated by the black arrows in Fig. 6b(A-C) . The epidermal of the wounds were represented, vessues and other cells at the derma also recovered at 14th day in Fig. 6b(D-F) , while the group for the PGS@ PLLA fibers scaffold put up the outstanding effectiveness. In addition, the histological sections can be used to assess the inflammatory response in the wound area as well. There were a number of plasmacyte appeared in the wound sections indicated by blue arrows at day 2 for the control and the PLLA fibrous scaffold groups. The PGS@PLLA fibers scaffold presented the slight inflammatory response due to its good biocompatibility.
Conclusion
We successfully fabricated the PGS@PLLA fibers scaffold with a core-shell structure by the coaxial electrospinning technology. The PLLA shell layer provides a holder to support the fibrous morphology of PGS as a core part of fibers, exhibiting the good cytocompatibility, flexibility and degradability. This electrospun-based engineering scaffolds consisted of synthetic materials and core-shell structure makes it possible to facilitate a wide range of biomedical and clinical applications. In our study, it was evaluated that the PGS@PLLA fibers scaffold presented more flexibility and higher degradable ability than that of the PLLA fibrous scaffold. The cells viability of the PGS@PLLA fibers scaffold is all above 90% at different cell concentrations in vitro, the inflammation on the skin tissue is lower than the other two samples and the area of wound regeneration is 95% in vivo, which is due to the composition and construction of PGS. The porosity, architecture and composition of the PGS@ PLLA fibers scaffold contributed to the scaffold, tissue attachment and healing process. Therefore, we believe that the PGS@PLLA fibers scaffold with the core-shell structure is highly potential for the applications of wound healing. We will probe its application into the necrotic tissues and explore its role as a kind of organs patch in the clinical field. 
